Lowering the NaCl concentration of the medium inhibits the release of Sindbis virus from infected chick cells at a stage after the nucleocapsids have bound to the membranes of the infected cells. The failure of trypsin treatment to release the inhibited virus and the ratio of the proteins in the inhibited cells make it seem likely that the inhibited virus is all intracellular. Experiments using antisera specific for El and E2, the envelope glycoproteins of Sindbis, suggest that the inhibitory effect of low-salt medium is mediated through an effect on E2. Lactoperoxidase radioiodination experiments indicate that, even when cleaved from PE2, E2 is not exposed on the surface of low-NaCl-treated chick cells.
When chicken embryo (CE) cell cultures infected with Sindbis virus, a small, enveloped RNA virus, are placed in a medium in which the NaCl concentration has been lowered from 0.138 to 0.069 M, maturation of the infectious particles is inhibited 95 to 99% (17, 18) . Returning the cells to normal medium reverses the inhibition. The number of virus particles produced within a few minutes after the shift to normal medium approaches that released by control cultures throughout the entire incubation period. Treatment of cells incubated in lowsalt medium with anti-Sindbis serum prevents virus release if the cells are shifted to normal medium, indicating that some membrane modification occurs in the inhibitory medium. Inhibited cells disrupted in low-salt medium and shifted to normal medium release as many virions as intact cells, evidence that morphogenesis is halted after nucleocapsid binding to the cell membrane occurs (17, 18) . Electron microscopy of low-salt-inhibited, Sindbis-infected cells revealed that at least one-half of the unreleased virions were arrested in early stages of budding. The remainder of the virus appeared to be mature and precipitated on the surface of the cell (16) . Since preparation of the cells for electron microscopy involved fixation with glutaraldehyde or formaldehyde, procedures which could possibly cause nearly mature virus to finish budding, we wished to determine the extent of virus maturation in low-salt-treated cells. Mild trypsin treatment of RNA tumor virus-infected cells released mature RNA tumor viruses (1), but similar treatment ofthe low-salt-inhibited, Sindbis-infected cells failed to release any Sindbis. This led us to further experiments to determine the site of inhibition by the low-salt medium. Our current data suggest that all the inhibited virions are intracellular, and that the low-salt medium affects the ability of the envelope glycoprotein E2 to penetrate the cell membrane.
MATERIALS AND METHODS Viruses, cells, and media. The growth and quantitation of Sindbis virus in CE cell cultures have been described previously (7) . Normal medium is a term used to describe Eagle medium with Hanks salts. It has an NaCl concentration of 0.138 M. Low-salt medium, which has been described previously (16) (17) (18) ,
has an NaCl concentration of 0.069 M. Hanks balanced salt solution is used where indicated, and low balanced salt solution follows the same formula, except that 50% of the NaCl has been omitted. Radioactive labeling. To label cell-associated virus proteins with an amino acid label, CE cells were pretreated for 1 h in leucine-or methionine-free normal medium containing actinomycin D (5 jig/ml). Cultures were infected at room temperature at a multiplicity of 10 PFU/cell. After 1 h for virus adsorption, the inocula were removed, and leucine-or methioninefree medium containing the indicated amount of NaCl and actinomycin D (5 ug/ml) was added. At the times specified in the figure legends, this was replaced with identical medium supplemented with appropriate isotope. To label cell-associated protein, either 10 7 .5]-10 ,uM glucose). lodination was carried out in 2 ml of one of the above solutions, which also contained lactoperoxidase (6 Ig; Sigma), Nal (2 nmol), and NaliI (100 ,uCi/ml; Amersham/Searle). Glucose oxidase (0.025 U; Worthington) was added to start the reaction. After 10 min, the solutions were removed and the cultures were prepared for polyacrylamide gel electrophoresis.
[3H]leucine-labeled, purified Sindbis was suspended in 1 ml of the low-or normal-salt solution used for the radioiodination reaction. Samples of the same virus preparation were disrupted with 1% sodium dodecyl sulfate and dialyzed against these buffers. To 1 ml of virus preparation, lactoperoxidase (3 jig), Nal (1 nmol), and NaliI (100 uCi/ml) were added. The reactions were started by the addition of H202 (50 ymol). Additional H202 (50 jtmol) was added after 5 min. The reactions were terminated after 10 min by the addition of an equal volume of double-strength digestion mix, and the proteins were separated by polyacrylamide gel electrophoresis.
Polyacrylamide gel electrophoresis. Cell cultures prepared for electrophoresis were dissolved by direct addition of 4% sodium dodecyl sulfate in 0.125 M Tris (pH 6.8). After the addition of 5% ,B-mercaptoethanol, the lysates were heated at 1000C for 2 min and subjected to electrophoresis. Slab gels were prepared by the method of Laemmli (8) in an apparatus (Hoeffer Scientific) similar to that described by Reid and Bieleski (9) . The gels were dried on a commercial gel drier (Hoeffer Scientific).
[nS]methionine-labeled preparations were exposed to Chronex 2 DC X-ray film (E. I. du Pont de Nemours & Co.) for 2 to 4 days. The developed autoradiograms were quantitated by densitometry, using methods and equipment (Beckman Analytrol) similar to those described by DeRosier and co-workers (5 (2) . To determine whether this was also the case in low-salt-inhibited cells, we examined the ability of these cells to interact with the specific antisera. All sera were diluted 1:10 in the appropriate medium before use. Inhibited and control cells were treated with antiserum in medium of the proper salt concentration, washed in fresh medium of the same NaCl concentration, and then incubated for 30 min in normal medium. The virus released into the normal medium was titrated ( Table 2) . As reported previously (18) , anti-Sindbis serum prevented the production of virus from both normal and inhibited celLs. AntiEl and anti-E2 sera both prevented the release of infectious virus from control cells, and antiEl treatment of low-salt-inhibited cells had the same effect. Anti-E2 serum, however, had little effect on the amount of virus released after reversal of the inhibition due to the low-salt Anti-El 1.9 x 107 Anti-E2 1.1 x 109 a Cultures were incubated for 8 h after infection in low-salt or normal medium.
b Cultures were then incubated for an additional 30 min in similar medium containing a 1:10 dilution of the indicated antiserum. After 30 min at 37°C, the antisera were removed, and the cultures were washed five times with fresh medium of the same salt concentration.
cNormal medium was added to all cultures, and incubation was continued for 30 min. The virus released during this 30-min period was titrated.
d SB, Sindbis virus.
medium. Since anti-E2 serum is known to inhibit the infectivity of the virus (4), recognizable E2 antigenicity must have been absent from the surface of the low-salt-inhibited cells. Anti-E2 serum is not just a weak antiserum to El. Anti-El serum does inhibit virus infectivity slightly (75% at a 1:12 dilution). This could, however, be due to steric hindrance, and anti-E2 serum is a much more potent inhibitor of Sindbis infectivity (75% at a 1:178 dilution; data not shown). Bell and Waite (2) , using temperature-sensitive mutants of Sindbis defective in El and E2, have shown that anti-El and anti-E2 react with different viral determinants. Thus, even if anti-El serum does contain some components capable of cross-reacting with E2, the validity of the experiments is not impaired.
Radioiodination studies. The results of the antiserum experiments suggest that low-NaCl medium inhibits virus release by preventing E2 from penetrating the membrane, even after it has been cleaved from PE2. Since E2 is the major protein species on the extemal surface of the plasma membrane of infected cells that can be radioiodinated with lactoperoxidase (14) , this hypothesis could be easily tested.
[3H]leucine was used to label the virus-specified proteins made in Sindbis-infected CE cells incubated in low-salt or normal medium. The surface proteins of these cells were then labeled with 1"I, using a modification of the procedure of Sefton et al. (14) . Cell extracts were analyzed by sodium do- and the surface proteins were labeled with III, using the lactoperoxidase reaction described in the text. The reactions were terminated by preparing the cultures for polyacrylamide gel electrophoresis. After electrophoresis, the gels were dried, the tracks were separated, and the gels of the individual samples were cut into 1-mm segments. These were counted in a gamma counter to determine the location of the 125I-labeled species, and then Aquasol was added and they were counted in a liquid scintillation counter to determine the location of the f:Hlleucinelabeled viral proteins. Symbols: (0) counts in IHJ leucine; (0) 125I. CEF, Chicken embryo fibroblasts. decyl sulfate-polyacrylamide gel electrophoresis on slab gels. The profiles (Fig. 3) NaCl concentration inhibits virus release at a very late stage, after the nucleocapsid has bound to the plasma membrane and after the membrane has been modified by the insertion of at least some virus-specified protein (17, 18) . Electron microscopic observation of fixed, inhibited CE cells suggested that some of the inhibited virus was mature and precipitated on the outside of the cells, whereas the remainder was arrested at a terminal stage in budding (16) . The failure of proteases to release the inhibited virions caused us to re-examine the low-salt phenomenon. The results presented in this paper suggest that the apparently mature Sindbis on the surface of the inhibited cells may have been an artefact of fixation. Polyacrylamide gel electrophoresis profiles of the virus-specified proteins in the inhibited cells did not reveal a great excess of E2, as would be expected if mature virus were on the exterior of the cell, nor did the protein pattern suggest that low-salt medium inhibited the cleavage of PE2 to E2. Experiments using antisera specific for purified El and E2 and lactoperoxidase radioiodination studies indicate that the E2 present in the low-NaCl-treated cells is not exposed on the surface of the cell membrane.
These results indicate that the inhibition of Sindbis virus release from cells incubated in lowNaCl medium is more complex than was previously suspected. One explanation for the results presented here is compatible with the hypothesis that much ofthe unreleased Sindbis is mature but precipitated on the surface of the plasma membrane in low-salt medium. In Semliki Forest virus, PE2 is cleaved to give E2 and E3. E3 remains with the virions. E3 is presumably released into the medium of Sindbis-infected cells because it can be found neither in the virus nor in the infected cells. If it were not released, it could possibly block the radioiodination of E2. Since E3 is heavily glycosylated (13) , it is easily labeled by tritiated sodium borohydride after exposure to neuraminidase and galactose oxidase. We have been unable to demonstrate the presence of a protein with the mobility expected of E3 in amino acid-labeled or sodium borohydride-treated cells in low-salt medium.
Additional glycosylation of E2 occurs after it is cleaved from PE2 but before the virion is released from the cell (13) . This glycosylation could be inhibited by the low-salt medium, preventing virus release. The mechanism seems unlikely, however, since glycosylation is an energy-requiring process, and exposure of low-saltinhibited cells to cyanide, fluoride, azide, and iodoacetate does not prevent virus release when the cultures are shifted to normal medium in the continuous presence of the drug (18) .
The hypothesis that we favor is that lowering the ionic strength of the medium could alter the membrane fluidity. The capsid could still attach, and a small amount of PE2 could be cleaved to give E2. If the change in fluidity were to prevent E2 from penetrating to the outside surface of the membrane, it could prevent the wave of PE2 to E2 cleavage from traveling around the virion, thereby preventing virus maturation. The lipid composition of the membrane could play an important role in determining how the Sindbisinfected cells will respond to low-NaCl medium. We have recently discovered that, in some lines of BHK cells, Sindbis release is susceptible to inhibition by medium of lowered NaCl concentration, whereas in others it is resistant. We are currently comparing these cell lines to determine whether a correlation can be made between response to low-salt medium and lipid composition.
